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a  b  s  t  r  a  c  t
To  estimate  the  proportion  of  children  in day-care  centres  with  incomplete  vaccination  and  to identify
associated  risk  factors,  we  conducted  a cross-sectional  study  among  258  children  less  than  18  months
of  age  attending  public  and  philanthropic  day-care  centres  in the  city  of  Sao  Paulo,  Brazil.  Interviews,
blood  collection  and  anthropometry  were  performed.  Unconditional  logistic  regression  was adjusted  for
incomplete  vaccination  risk  factors.  10.9%  of children  had  incomplete  vaccination.  Children  who  wereeywords:
isk factors
ay-care centres
accination
accine  coverage
ealth  services accessibility
born  prematurely  (OR  =  4.27;  p =  0.004),  or were  malnourished  (OR = 4.99;  p  =  0.049),  or  lived in  inade-
quate  housing  (OR  =  2.88;  p = 0.039),  or whose  mothers  had  had  poor  prenatal  care  (OR  =  4.98; p =  0.040)
were  more  likely  to have  incomplete  vaccination.  Opportunities  are being  missed  to  identify  children
with  incomplete  vaccination;  strategies  to  enhance  vaccination  coverage  should  pay  special  attention
to  the  needs  of  families  living  in  inadequate  housing;  and  health  promotion  actions  in  primary  health
facilities  and  day-care  centres  should  be performed  as  concomitant  activities.nfant
. Introduction
Vaccination is one of the most cost-effective health interven-
ions. It is estimated that over 2.5 million deaths are averted
hrough vaccination every year [1,2].
However, vaccine coverage rates are different according to
ealth services accessibility and socio-economic and cultural
haracteristics [3]. Although immunization services have been
trengthened worldwide, there is continuing concern at the failure
o achieve high immunization coverage [3–5].
Brazil has performed very well with the Programa Nacional de
munizac¸ ões as an integrated programme of the global immuniza-
ion strategies of the World Health Organization (WHO), putting
nto practice routines, campaigns and mass vaccination with free
accines [6]. Despite of its success, there are still ongoing challenges
7].
One would expect vaccine coverage rates among children
ttending nurseries of day-care centres (DCCs) in Brazil to be high,
ecause adequate vaccination is a criterion for enrollment and
urseries employ a health professional responsible for the health
are of the children.
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In order to gain insight into these issues we conducted a study
to estimate the proportion of children with incomplete vaccination
and to identify risk factors.
2.  Methods
We  used data from two  surveys (2004 and 2007) of the Projeto
CrechEﬁciente with children less than 18 months of age attending
public (direct administration by the city) and philanthropic (indi-
rect administration performed by philanthropic institutions) DCCs
of Sao Paulo city which have similar operating characteristics and
abide by admission rules guaranteeing care for low-income fami-
lies. Actually, they are scattered throughout the city and constitute
single unpaid education system available for early childhood in all
city.
Fig. 1 presents the methodology for the selection of DCCs. Survey
1 (2004) was  undertaken in the 54 DCCs of the central region and
survey 2 (2007) in the 36 DCCs of the sub-district of Santo Amaro.
The managers of the DCCs were contacted by telephone to identify
which were eligible. Of these, 47 DCCs were excluded for not pos-
sessing a nursery, four for not showing interest in participating and
eight for have been involved in a previous health research, resulting
in 13 and 18 DCCs in surveys 1 and 2, respectively.
Open access under the Elsevier OA license.Those 31 DCCs were visited by the project’s ﬁeld staff and a
questionnaire was ﬁlled out with information about the school’s
operating. Afterwards, these DCCs were ranked according to the
existence of the characteristics of interest for the development of
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tFig. 1. Methodology for the selection of public and philanthropic day
he project [8]. The following criteria were prioritised in order of
ecreasing value: number of children in the nursery, number of
ursery teachers, safety of the area for the researchers and ease
f transport and access to the premises. Five and eight DCCs were
elected at surveys 1 and 2, respectively.
The initial population of these 13 selected DCCs consisted of
74 children less than 18 months of age attending the nurseries.
he following children were excluded: four who  were not present
uring the ﬁeld activities; ﬁve who had acute diseases at the time of
he surveys; ﬁve with chronic conditions; and two  whose guardians
id not sign the informed consent form.
Three other children were excluded from the multivariate anal-
sis due to missing data. Therefore, 258 were studied in the
nivariate analysis and 255 in the multivariate analysis, with sam-
le losses of 5.8% and 6.9%, respectively.
Interviews with the mothers, anthropometry and blood samples
rawn from the children by digital puncture were performed in the
CCs.
For the measurement of Hb levels, a portable Hb photometer
HemoCue Haemoglobin Photometer®) was used [9]. The children
ere weighed on a digital paediatric scale, BP Baby model, Filizola®
rand and the height was measured using an anthropometric ruler,
oth with an international certiﬁcation of quality. The anthro-
ometric procedures adopted are recommended internationally.
-scores were used to quantify nutritional disorders. The bench-
arks adopted were those of the WHO  [10].
The outcome was incomplete vaccination which was deﬁned
s a child who did not receive the expected vaccine doses for the
hild’s age according to the Brazilian basic vaccination calendar.
hat information was ascertained and obtained from the ofﬁcial
accination document of each child during the mother’s interview.To investigate associations a chi-square (2) test was  used. To
djust for the confounding variables, multivariate analysis was
erformed using “stepwise forward” technique. The selection cri-
eria for inclusion in the ﬁnal logistic model were association with centres of the municipality of Sao Paulo, 2 surveys (2004 and 2007).
incomplete  vaccination with p < 0.20. A level of p < 0.05 was chosen
to indicate statistically signiﬁcant association.
Population attributable rate (PAR%) was  calculated to identify
the proportion of incomplete vaccination attributable to each risk
factor (p < 0.100).
Children with nutritional disorders or incomplete vaccination
were referred to outpatient care in the Department of Paediatrics
of the Universidade Federal de São Paulo. The study was approved
by the ethics and research committee of the same University.
3.  Results
We  found that 10.9% (CI 95%: 7.3–15.3%) of the children had
incomplete vaccination.
Table  1 presents the prevalence of incomplete vaccination in
children according to risk factors and the PAR%. Children born pre-
maturely were 4 times more likely to have incomplete vaccination
(p = 0.004) and the attributable proportion was 20.2%. Children had
malnutrition, had siblings less than ﬁve years of age and living
at inadequate housing also presented higher risks to incomplete
vaccination, showing attributable proportion between 8.1 and 29.4.
Fig. 2 presents the multiple logistic model for risk factors for
incomplete vaccination (p = 0.0028) and PAR% of the four variables
that exhibited statistically signiﬁcant associations controlled for
sex and age.
Among the socioeconomic variables, living at “inadequate hous-
ing” (unsuitable sewerage system or walls made of wood, indicating
being part of a shanty town) was  the ﬁrst identiﬁed to com-
pose the logistic model. Of the variables indicating individual child
processes, “malnutrition”, “prematurity” and “poor prenatal care”
(mother had not attended the minimally recommended four ante-
natal visits) were also selected to compose the ﬁnal model.
Otherwise, presence of one or more siblings under ﬁve years
of age, per capita income below half minimum wage, mater-
nal education less than four years, exclusive breastfeeding less
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Table  1
Prevalence and odds ratios with their respective conﬁdence intervals (95% CI) of risk factors for incomplete vaccination among children less than 18 months of age in public
and  philanthropic day-care centres of the municipality of Sao Paulo, 2 surveys (2004 and 2007).
Risk factors N Incomplete vaccination Odds ratios (95% CI) p valuea PAR%
% N
Prematurity
Yes 255 29.6 (8/27) 4.38 (1.70; 11.27) 0.004 20.2
No  8.8 (20/228) 1.00
Malnutrition
Yes  258 37.5 (3/8) 5.40 (1.22; 23.96) 0.004 8.1
No  10.0 (25/250) 1.00
1  or more siblings
Yes 257 15.8 (16/101) 2.26 (1.02; 5.00) 0.034 29.4
No 7.7  (12/156) 1.00
Inadequate  housingb
Yes 258 21.2 (7/33) 2.62 (1.01; 6.75) 0.048 13.8
No  9.3 (21/225) 1.00
Avoidable  hospitalization
Yes  258 16.7 (12/72) 2.12 (0.95; 4.75) 0.053 21.1
No  8.6 (16/186) 1.00
Weight  at birth (kg)
<2.5  256 22.2 (6/27) 2.69 (0.98; 7.37) 0.057 11.9
≥2.5 9.6  (22/229) 1.00
Prenatal  care (visits)
<4 256  33.3 (3/9) 4.44 (1.05; 18.86) 0.063 7.3
≥4  10.1 (25/247) 1.00
Exclusive  breastfeeding
<120  250 12.4 (22/178) 2.40 (0.80; 7.22) 0.081 44.0
≥120  5.6 (4/72) 1.00
Per  capita < ½ MW
Yes 255 15.5 (13/84) 1.90 (0.86; 4.21) 0.083 20.2
No 8.8  (15/171) 1.00
Child  age (months)
<13  258 8.2 (9/110) 0.60 (0.026; 1.39) 0.161 –
≥13 12.8  (19/148) 1.00
Maternal  education (years)
<4 256 19.0 (4/21) 2.07 (0.64; 6.65) 0.184 –
≥4  10.2 (24/235) 1.00
Day-care  centres
Philanthropic 258 9.6 (16/166) 0.71 (0.32; 1.58) 0.260 –
Public  13.0 (12/92) 1.00
Oral  iron supplements
Yes  258 12.5 (11/88) 1.29 (0.57; 2.88) 0.339 –
No 10.0  (17/170) 1.00
Haemoglobin  (g/dL)
<11  258 11.8 (17/144) 1.25 (0.56; 2.79) 0.365 –
≥11  9.6 (11/114) 1.00
Mother  unemployed
Yes 255 12.9 (4/31) 1.36 (0.44; 4.25) 0.391 –
No  9.8 (22/224) 1.00
Sex
Male  258 10.4 (14/135) 0.90 (0.41; 1.97) 0.475 –
Female  11.4 (14/123) 1.00
Maternal  age (years)
<18  256 14.3 (1/7) 1.37 (0.16; 11.82) 0.560 –
≥18  10.8 (27/249) 1.00
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dI = conﬁdence intervals; MW = minimum wage; PAR% = population attributable rat
a Fisher’s exact test.
b Unsuitable sewerage system or walls made of wood.
han 120 days, avoidable hospitalization and low birth weight
less than 2.5 kg) attended the selection criteria to compound the
ogistic model (p < 0.20); however, these were not remained in
ecause they lost their statistical signiﬁcance when included in the
odel.
. Discussion
Only 4 factors were independently and signiﬁcantly associated
ith incomplete vaccination: prematurity, malnutrition, inade-
uate housing and poor prenatal care. These have PAR% varying
rom 7 to 20%.
The  rate of incomplete vaccination have been shown to
ependent on characteristics of the studied children [11,12].Studies  have shown there are many risk factors associated
with suboptimal compliance to vaccinations which are substan-
tially related to parental–childhood characteristics and healthcare
structure–professional determinants [13].
It is worth noting that our study included DCCs selected under
operational ease/convenience criteria with a large number of chil-
dren and located in poor but in more safe areas of Sao Paulo city.
Consequently, the results may  not be generalized to DCCs with a
small staff and located in less safe areas, and the group of children
is not probabilistically representative of the population of children
who attend Brazilian DCCs. Therefore, the external validity must be
considered with caution.
The  prevalence of incomplete vaccination in this study most
likely reveals difﬁculties from Brazilian health and education
T. Konstantyner et al. / Vaccin
Fig. 2. Multiple logistic regression with odds ratios and their respective conﬁdence
intervals (95% CI) for risk factors for incomplete vaccination among children less than
18 months of age in public and philanthropic day-care centres of the municipality
of  Sao Paulo, 2 surveys (2004 and 2007).
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[15]  Theeten H, Hens N, Vandermeulen C, Depoorter A-M, Roelants M,  Aerts M,ystems to achieve the goal to keep children perfectly protected
gainst vaccine-preventable infectious diseases.
Prematurity had the largest impact, even after controlling for
ow number of prenatal visits which was an associated factor
lso evidenced in this research consistent with other studies [2].
oreover, malnutrition also was identiﬁed as associated factor for
ncomplete vaccination as has been shown by literature [13]. These
re likely to reﬂect common determinants of accessibility to child
ealthcare services [14].
Inadequate housing (an indicator of social deprivation) has also
een previously reported as associated with incomplete vaccina-
ion [11,15]. This is likely to indicate parental difﬁcult to care
heir children appropriately, providing basic vaccines with limited
ocioeconomic resource, even in Brazil.
This study did not investigate the role of maternal anxiety shown
o be associated with vaccine coverage in developing countries
16,17] and did not identify association between incomplete vac-
ination and per capita income or maternal employment, age, or
ducation, in contrast to other investigations [2,5,15].
Furthermore, the calculation of the PAR% showed prematurity
xplaining the highest effect on incomplete vaccination. However,
t is unlikely that this condition is its direct determinant, because
uidelines do not recommend postponing vaccination (other than
CG) even in premature or low weight babies.
Indeed, prematurity, infant malnutrition, inadequate housing,
oor prenatal assistance and suboptimal compliance to vaccina-
ions are fully associated with poverty and difﬁcult of access to
ealth services in general [13]. Thus, it is likely that these four fac-
ors are not biological causes of incomplete vaccination, but are
ssociated with parental–childhood characteristics and healthcare
tructure–professional determinants of the incomplete vaccina-
ion.
These ﬁndings reinforce the importance of health promotion
trategies overall such as visits to vulnerable households and inte-
rated care across health and education services as means to
ncrease immunization coverage [2,17]. Surely, DCCs are consid-
red privileged spaces for the execution of programmes to control
nd prevent the infant socio-biological vulnerability by parents,
anagers and health professionals [18].
We conclude that opportunities are being missed to iden-
ify children with incomplete vaccination; and that strategies to
nhance vaccination coverage should pay special attention to the
eeds of families living in inadequate housing; and that surveil-
ance and health promotion actions in primary health facilities and
CCs should be improved performed as concomitant activities [19].e 29 (2011) 9298– 9302 9301
Finally,  given the relevance of parental–childhood character-
istics, we recommend that qualitative studies approaching the
parental perception of the need and security to have their children
inoculated with vaccine and cultural dimension aspects should
be performed to evidence behavioral characteristics susceptible to
health interventions [20].
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